Introduction
The problem of estimation of the accidents caused by explosions is one of the most critical challenges for civil engineers today. No country can ignore the accidents hazardous to environment and human. The civil engineering structures such as retaining wall backfilled with soil are the example of retaining structure and are composed of elements with different properties and distinctions. The problem active research for over 90 years due to the abundance and importance of earth retaining structures and the complexity of their dynamic response. The first steps were done by Okabe [1] and Manonobe&Matsuo [2] . In the past several decades, the Mononobe-Okabe equations have been used extensively for evaluating the magnitude of dynamic earth pressure [3, 4, 5, 6, 7, 8, 9] . It should be noted that those equations were developed based on limit equilibrium for cohesionless soil and should be used only for granular soil e. g., sand. If a retaining wall cohesion soil backfill e. g., clay we should to apply result of investigated in analytical studies [10, 11, 12, 13] . There are a dimensionless cohesion term (normalized by unit weight and height of the supported soil) is employed.
Interaction between retaining structure and explosive devices can be analyzed with engineering software packages that use finite difference, finite volume and finite element techniques [14] , for example AUTODYN, LS-DYNA, ABAQUS, however we got a single solution for such problem. The analytical and discrete method allows a thorough studying of the interaction of retaining structure under dynamic loading. For example, pseudo-dynamic method by Steedman and Zeng [15] . But the analytical method also has its own restrictions. The latter is concerned with evaluation of boundary conditions and the selection of suitable analytical description functions. The boundary conditions depend on the retaining structure, so in order to evaluate all its peculiarities, for example, stiffness of separate elements, etc., it is purposeful to use finite difference, finite volume and finite element techniques, and compensating the advantages, which could have been provided by analytical methods with a bigger number of discrete experiments. Such flexible use of mathematical modelling allows a quite fast selection of analytical solution of dynamics problems for express analysis and such, but with particular assumptions and restrictions or allows performing a more comprehensive investigation using software such as AUTODYN.
This paper is intended to present a three-dimensional new analytical method and its application to the dynamic analysis of the retaining wall backfilled with soil interaction under explosion loading. The analytical method effectively simplifies the calculation procedures and is used to study the qualitative changes of the retaining structure under dynamic load. To solve this problem, the following master assignments are to be carried out:
1) Determination of the resulting displacement of backfilled soil under explosion loading; 2) Determination of the active earth pressure to retaining wall under explosion loading.
To verify the reliability of the proposed analytical method, calculations of static active lateral earth pressures were performed with three different types of soil. The theoretical results are compared with the results obtained by the proposed analytical method.
The analytical method

Basic assumptions
The analytical method is based on the physical model in which the main assumptions are adopted:
1) retaining wall is absolutely rigid and in equilibrium; 2) the strength parameters of retaining wall are known; 3) the soil backfill behind retaining wall is an elastic body with the parameters (density of soil ρ, shearing modulus G, Poisson's ratio μ) known from the physical investigation; 4) the shear modulus of backfilled soil is constant with depth through the backfill; 5) the explosive device subjecting the soil (surface forces) is also known; 6) the external volume (mass) forces were neglected.
Displacements of the elastic soil points (u  in Ox direction, v  Oy, w  Oz) in the Cartesian system Oxyz were sought for under the initial conditions:
 at the initial moment the displacements of soil points are equal to zero; under boundary conditions:
 displacements perpendicular to the retraining wall are equal to zero, thus when y=a on the plane DCC'D', then displacement v=0; on free surfaces of soil, the normal stresses perpendicular to the free surfaces are equal to zero.
Let's suppose that: In our case for an elastic soil we shall have:
where:
Since calculation is approximate, calculating according to the equation (4) gets an error. To minimize the error, we should calculate the coefficients of the chosen functions, according to the method of orthogonality, for instance.
Mathematical model
In case of explosion loading, we got a mathematical model resulting from Hamilton principle and obtain the following equation:
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In order to find function () qt we refer to Eq. (6) and obtain the following integral differential equation:
In a case of explosion loading, taking into account that the pressure of explosion products (gas) is the same in all directions
, the impact effect is described by equations:
According to Dubnov, L.V., Baharevich, N.S. & Romanov, A.I [16] :
where:  is the impact period; ' k is the expansion index; 
Therefore, displacements determined by the method mentioned above will be considered to be theoretical ones, because it is practically impossible to affect every particle, a mass point, of a soil, i.e., it is impossible to explode a charge at every point of soil space. As it is known Dubnov, L.V., Baharevich, N.S. & Romanov, A.I [16] , the radius of a spherical charge can be given by the weight of the charge: 
Then for all backfill soil points the real displacement using Eq. (1) are calculated. Now let's go to the next step of calculation. Therefore the influence of the dynamic processes on the structure of retaining wall should be assessed and the conditions under which the strength of retaining wall is ensured should be determined. In our case (Fig. 1) we have:
cos xn cos yn cos zn
where: n is the normal to the retaining wall.
Then for calculation of pressure perpendicular to y axis, using the following equations:
12 .
Eventually, making use of equations (1, 16, 24), the active earth pressure to retaining wall can be calculated, and the strength of retaining wall can be introduced by using the known allowable stress all  of retaining wall structure:
all  is allowable stress of retaining wall structure.
Numerical examples
The problem simulated numerically is sketched in Fig. 1 . For example, the geometrical values a=1 m, h= 6 m and b=10 m. We have three different type of soil with the physical-mechanical parameters know from laboratory test and showing in Table 1 .
Firstly, let's suppose that the functions U, V and W are selected on the basis of the boundary conditions ( Fig. 1) : 2  2  2  2  3  7  1   2  2  2  2  3  7  2   23  2  2  2  7 
The coefficients of the chosen functions U, V and W found from the condition (3) and using equation (4) got the error. According to the method of orthogonality calculated the coefficients of the chosen functions and other parameters by Eqs. (7, 8) . The results are showing in Table 2 . Secondly, let's suppose that explosion loading is received after an explosion of a spherical ammonite charge of 1 kg mass in the backfill soil at the position: x0=0 m, y0=3 m, z0=0.1 m. Finally using the parameters from Table 2 . and equations (14, 17 -19, 24 , 26) we calculated the active earth pressure to retaining wall in the same place (point). So using Matlab we can calculate and to compare results of three cases of soil. Figs. 2 -4 shows the fragments of analytical results for backfill soil pressure distribution along the wall plane under an explosion of a spherical ammonite charge of 1 kg at same place and time for different type of soil. 
Conclusions
Developed and presented analytical method enables: -to study the interaction between the retaining wall and different backfill soil under explosion loading and determine influences to the retaining wall; -to establish functional dependence between different physical-mechanical parameters of same structural model and explosion loading; -to evaluate consequences of explosion in the retraining wall structures.
